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et	 al.,	 2018;	 Whitman,	 Coleman,	 &	Wiebe,	 1998).	 Marine	 micro-
bial	 communities	 are	highly	diverse	 and	have	evolved	under	 a	 va-







et	 al.,	 2013).	 Recently,	 the	 potential	 role	 of	 associated	microbiota	
became	an	 important	 research	 focus	 in	 the	 fields	of	 zoology,	bot-
any,	 ecology,	 and	medicine,	 since	 each	multicellular	 organism	 can	
be	regarded	as	an	entity	with	its	associated	microbes	as	a	so-called	
“metaorganism”	or	“holobiont.”	The	microbes	most	likely	have	crucial	















ancient	organisms,	which	are	 located	at	 the	base	of	 the	metazoan	
tree	of	life,	are	expected	to	provide	important	insight	into	host–mi-
crobe	 interactions.	Two	basal	metazoan	 species,	which	 are	widely	
distributed	in	marine	environments,	partly	due	to	their	large	adapt-
ability	 (Dawson	 &	 Jacobs,	 2001;	 Jaspers,	 Huwer,	Weiland-Bräuer,	







A. aurita	 is	 one	 of	 the	 most	 widely	 distributed	 Scyphozoans	
(Cnidaria)	 featuring	 a	 complex	 life	 cycle.	 In	 its	 diphasic	 life	 cycle,	A. 
aurita	 alternates	between	 a	 free-living	pelagic	medusa	 and	 a	 sessile	
polyp	 (McFall-Ngai	et	al.,	2013).	 In	 its	different	 successive	stages	of	
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life	cycle—planula	larva,	sessile	polyp,	pelagic	ephyra,	and	medusa—A. 
aurita	 is	 adapted	 to	 different	marine	 environmental	 factors,	 for	 ex-
ample,	 salinity,	 temperature,	 and	 food	 spectrum	 (Fuqua,	Winans,	 &	
Greenberg,	1996).	In	a	recent	study,	we	disclosed	that	those	different	
life	stage	and	different	compartments	of	a	medusa	as	well	as	different	
subpopulations	 harbor	 distinct,	 specific	microbiota	 (Weiland-Brauer,	
Neulinger,	et	al.,	2015).	The	comb	 jelly	M. leidyi	 (Ctenophora)	 is	one	









Current	 molecular	 high-throughput	 techniques,	 like	 deep	 se-
quencing,	 are	 preferred	methods	 to	 analyze	 such	 complex	micro-





the	 possibility	 for	 additional	 experimental	 manipulation	 studies.	
Although	the	cultivation	of	certain	bacteria	is	still	challenging,	sev-
eral	 recent	 studies	 showed	 that	 the	 cultivation	 of	 host-associated	
bacteria	 is	 urgently	 needed	 to	 better	 study	 and	 understand	 their	
function	in	a	metaorganism	context	(Esser	et	al.,	2018).
Consequently,	this	study	aimed	to	isolate	bacterial	colonizers	of	A. 




sequencing.	The	generation	of	 such	a	bacterial	 archive	of	 isolates	 is	
crucial	for	future	colonization	experiments.	Finally,	it	was	also	intended	





2  | MATERIAL S AND METHODS
2.1 | Sampling of A. aurita and M. leidyi
Individual	A. aurita	(Linnaeus)	medusae	(with	mean	size	umbrella	di-
ameter	of	22	cm)	were	sampled	from	one	location	in	the	Kiel	Bight,	
Baltic	 Sea	 (54°32.8′N,	 10°14.7′E),	 in	 June	 2015	 using	 a	 dip	 net.	
Accordingly,	M. leidyi	(Agassiz)	adults	(mean	size	of	4	cm)	were	sam-
pled	from	the	same	location	in	May	2017.	The	animals	were	imme-
diately	 transported	 to	 the	 laboratory	and	washed	thoroughly	with	
autoclaved	 artificial	 seawater	 to	 remove	 nonassociated	 microbes.	
Additionally,	 individuals	 were	 kept	 in	 artificial	 seawater	 (Tropical	
Marine	Salts,	 18	practical	 salinity	units	 (PSU))	 for	 ten	days	before	













2.2 | Bacterial enrichment and isolation
Bacterial	enrichment	and	isolation	were	performed	with	sterile	cot-
ton	 swabs	 from	 the	 surface	of	 the	umbrella	of	 native	 and	kept	A. 
aurita	 as	well	 as	M. leidyi	 individuals	 (in	 total	 10	medusae	of	 each	
phylum	were	sampled),	homogenized	single	A. aurita	polyps	of	dif-
ferent	 subpopulations,	 and	 filters	 derived	 from	 ambient	 seawater	
filtration.	In	order	to	ensure	high	diversity	during	the	isolation	pro-










ferent	colonies	 from	all	 samples	were	grown	 in	 the	 respective	 liq-
uid	medium	at	the	respective	incubation	temperature.	Pure	cultures	






2.4 | 16S rRNA gene analysis
16S	 rRNA	 genes	 were	 PCR-amplified	 from	 50	 ng	 iso-
lated	 genomic	 DNA	 using	 the	 bacterium-specific	 primer	 27F	
(5′-AGAGTTTGATCCTGGCTCAG-3′)	 and	 the	 universal	 primer	





(Phred	 quality	 score	 of	 20).	 Sequence	 data	 are	 deposited	 under	
GenBank	accession	numbers	MK967003–MK967227.
2.5 | Growth inhibition assay (modified after 
(Moran, Crank, Ghabban, & Horsburgh, 2016))
First,	all	231	isolated	bacterial	strains	were	grown	on	MB	agar	plates	
at	 30	 °C	 overnight	 (Moran,	Crank,	Ghabban,	&	Horsburgh,	 2016).	

















2.6 | Identification of quorum sensing-interfering 
activities (QQ activities) of isolates
Quorum	quenching	 assays	with	 bacterial	 isolates	were	 performed	
as	described	 in	Weiland-Bräuer,	Kisch,	Pinnow,	Liese,	and	Schmitz	
(2016);	 Weiland-Brauer,	 Pinnow,	 and	 Schmitz	 (2015).	 Briefly,	 QQ	
screening	plates	were	prepared	as	follows:	LB	agar	containing	0.8%	
agar	at	50°C	was	supplemented	with	final	concentrations	of	100	µM	































3  | RESULTS AND DISCUSSION
3.1 | Cultivated part of jelly-associated bacteria 
reflects host-specific microbiota
The	 overall	 goal	 of	 this	 study	 was	 to	 enrich	 and	 isolate	 bacterial	
colonizers	of	the	moon	jellyfish	A. aurita	and	the	comb	jelly	M. leidyi 
to	 unravel	 potential	 host-specific	 patterns	 of	 their	microbial	 com-
munity	structure	based	on	a	cultivation-dependent	approach.	In	the	
long	run,	we	aim	to	use	these	respective	isolates	in	future	controlled	
laboratory	 experiments	 to	 study	 their	 function	 in	 the	metaorgan-
isms	in	more	detail	 (e.g.,	by	recolonization	of	germ-free	hosts	with	
manipulated	 microbial	 communities).	 Moreover,	 we	 aimed	 to	 gain	










R2A	 was	 used	 for	 enrichment	 of	 heterotrophic,	 aquatic	 bacteria,	
which	tend	to	be	slow-growing	species	and	might	be	suppressed	by	
faster-growing	species	on	a	richer	culture	medium.	Marine	Bouillon	
was	 used	 to	 select	 for	 marine	 bacteria	 preferring	 high-salt	 con-
ditions.	 As	 expected,	 enrichment	 on	 Marine	 Bouillon	 resulted	 in	
highest	diversity	and	colony-forming	units	(cfu)	on	plates,	since	the	
simulation	 of	marine	 conditions	 in	 parallel	 to	 rich	 nutrient	 supply	
promoted	bacterial	growth	even	for	low	abundant	ones.	Only	single	
and	 less	diverse	 colonies	were	 revealed	on	R2A	agar.	Highest	 cfu	
were	further	detected	when	 incubated	at	20°C	 in	particular	when	













Table	 A1).	 16S	 rRNA	 gene	 analyses	 revealed	 the	 identification	 of	
eight	different	bacterial	classes	(Figure	1),	representing	28	families	
TA B L E  1  Presence	of	isolates	in	different	sample	types
Presence	and	abundances	(based	on	total	number	in	percentage	per	sample,	visualized	as	bars)	of	isolates	in	different	sample	types	on	genus	level.
Native Native Husbandry Native
Medusa Medusa Adults Adults
Baltic Sea North Sea North Atlantic Baltic Sea Baltic Sea
Acinetobacter 0 0 0 0 0 1 0 0 0 0
Aeromonas 0 0 0 0 0 1 0 0 0 0
Alteromonas 1 0 0 1 0 3 2 0 4 3
Arthrobacter 0 0 3 0 0 0 0 0 0 0
Bacillus 3 1 1 0 0 1 0 0 0 7
Brevibacterium 0 0 0 1 0 0 0 0 0 4
Celeribacter 0 0 0 0 0 0 0 0 4 1
Chryseobacterium 0 0 0 1 0 0 1 0 0 1
Cobetia 0 1 0 0 0 0 0 0 0 2
Colwellia 0 0 0 0 0 1 0 0 0 0
Corynebacterium 0 0 0 0 0 0 0 0 1 0
Enterococcus 0 0 1 2 1 0 0 0 0 0
Exiguobacterium 0 0 0 0 0 1 0 0 0 0
Fictibacillus 0 0 0 0 0 0 0 1 0 1
Gordonia 0 0 1 0 0 0 0 0 0 0
Halomonas 0 0 0 0 0 0 0 0 0 1
Hydrogenophaga 0 0 0 0 0 0 1 0 0 0
Hymenobacter 0 0 0 1 0 0 0 0 0 0
Lacinutrix 0 0 0 0 0 1 0 0 0 0
Leisingera 0 0 0 0 0 1 0 0 0 0
Luteococcus 0 0 0 1 1 0 0 0 1 0
Maribacter 0 1 0 0 0 0 0 0 0 3
Marinobacter 0 0 0 0 0 0 0 0 1 0
Marinomonas 0 0 0 0 0 2 0 0 0 0
Microbacterium 1 0 0 0 0 2 1 0 0 1
Micrococcus 0 0 1 0 1 1 0 0 1 2
Moraxella 0 0 0 0 1 0 0 0 1 0
Ochrobactrum 0 0 0 0 0 0 1 0 0 0
Olleya 0 0 1 1 1 1 0 0 0 0
Pantoea 0 0 0 0 0 1 0 0 0 0
Paracoccus 0 0 1 0 0 0 0 0 0 0
Paraglaciecola 0 0 0 0 1 0 0 0 1 0
Phaeobacter 0 0 0 0 0 0 0 0 1 0
Phaeocystidibacter 0 0 0 0 0 1 0 0 0 0
Pseudoalteromonas 1 2 1 3 2 10 2 3 1 3
Pseudoclavibacter 0 0 0 0 0 2 0 0 11 0
Pseudomonas 7 0 4 0 2 4 1 1 0 3
Psychrobacter 0 0 0 0 0 1 0 0 0 0
Rhodococcus 0 0 0 2 2 1 0 0 1 0
Ruegeria 0 0 2 1 1 0 0 0 0 0
Sagittula 0 0 0 0 0 1 0 0 0 0
Salinibacterium 0 0 0 0 0 0 0 0 1 2
Serratia plymuthica 0 0 0 0 0 0 0 1 0 0
Shewanella 0 0 0 2 0 8 1 0 0 0
Staphylococcus 1 1 2 0 3 1 1 0 8 2
Streptococcus 0 0 0 1 0 0 0 0 0 0
Sulfitobacter 1 2 1 2 2 0 0 0 1 2
Thalassomonas 0 0 0 0 0 0 1 0 0 0
Vibrio 2 0 3 0 0 2 2 0 0 0
Uncultured bacterium 0 0 0 0 0 1 1 0 1 0
TOTAL No. of isolates 17 8 22 19 18 49 15 6 39 38
Baltic Sea
Aurelia aurita Mnemiopsis leidyi Ambient water
Husbandry Artificial
Polyp
Baltic Sea 18 PSU 30 PSU
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and	51	genera.	In	general,	distinct	differences	in	the	microbial	com-
positions	 were	 observed	 using	 the	 cultivation	 approach	 between	
ambient	seawater	and	the	two	gelatinous	zooplankton	species	(sum-
marized	 in	Figure	1,	Table	1	and	Table	A1).	Representatives	of	the	
classes	 Betaproteobacteria,	 Cytophagia,	 and	 unclassified	 bacteria	
were	 shown	 to	 be	 present	 on	 the	 surfaces	 of	 the	 gelatinous	 zoo-
plankton	organisms,	but	were	not	isolated	from	the	surrounding	sea-
water	samples	(Figure	1).	Likewise,	several	bacteria	were	exclusively	
isolated	 from	 the	 ambient	 seawater	 and	 assigned	 to	 the	 genera	
Celeribacter, Corynebacterium, Fictibacillus, Halomonas,	Marinobacter, 
Salinibacterium,	 and	Serratia	 (Table	1	and	Table	A1).	All	mentioned	
bacteria	 are	 typically	 found	 in	 the	 marine	 environment,	 some	 of	





ticellular	 eukaryotic	 host	 is	 significantly	 different	 to	 the	 bacterial	
communities	in	the	ambient	seawater	(Egerton	et	al.,	2018;	Martin	
et	al.,	2015;	van	de	Water	et	al.,	2018;	Weiland-Brauer,	Neulinger,	















Phylogenetic	 classification	 revealed	 that	 A. aurita is colonized 
by	 cultivable	 representatives	 of	 genera	Alteromonas,	Arthrobacter, 
Bacillus, Brevibacterium, Chryseobacterium, Cobetia, Enterococcus, 
Gordonia, Hymenobacter, Luteococcus, Maribacter, Microbacterium, 
Micrococcus, Moraxella, Olleya, Paracoccus, Pseudoalteromonas, 
Pseudomonas, Rhodococcus, Ruegeria, Shewanella, Streptococcus 
Sulfitobacter,	and	Vibrio	(Table	1	and	Table	A1).	In	more	detail,	Bacillus 




dithietic	 acid-producing	 genus	Ruegeria	 of	 the	 Roseobacter	 clade,	
which	was	 exclusively	 isolated	 from	A. aurita	 polyps,	 is	 a	 globally	
distributed	 marine	 bacterial	 species	 found	 primarily	 in	 the	 upper	
open	ocean	 and	has	primarily	 been	 isolated	 from	marine	 aquacul-
ture,	where	Ruegeria	 strains	 have	probiotic	 potential	 (Beyersmann	
et	al.,	2017;	Sonnenschein	et	al.,	2017).	Additionally,	Luteococcus	has	
been	isolated	from	the	marine	environment	and	was	often	found	in	





and	 among	different	 life	 stages	 (Weiland-Brauer,	Neulinger,	 et	 al.,	
2015).	 The	 diverse	 but	 highly	 specific	 colonization	 of	 both	 jellies,	
A. aurita	 and	M. leidyi,	 was	 recently	 also	 demonstrated	 in	 a	 com-
prehensive	 microbial	 community	 structure	 analysis	 (amplicon	 and	
metagenomics	sequencing)	of	several	metaorganisms	(Rausch	et	al.,	
2019).	 In	 agreement	with	 those	 reports,	 all	 bacteria	 isolated	 from	













not	 isolated	 in	the	present	study.	The	genus	Mycoplasma	 is	one	of	
the	 best-known	 representatives	 of	 the	 bacterial	 class	 Mollicutes.	










Mortzfeld	 et	 al..,	 2016;	 Weiland-Brauer,	 Neulinger,	 et	 al.,	 2015).	
However,	cultivation	of	the	potentially	common	associate	of	marine	
gelatinous	 zooplankton	organisms	 is	 extremely	 challenging	 due	 to	
the	mentioned	characteristics	and	novel	isolation	techniques	have	to	
be	developed	and	applied	to	overcome	the	bottlenecks	in	cultivation.
Specific	 associated	 bacterial	 communities	 can	 also	 be	 proposed	
for	M. leidyi,	where,	likewise,	a	diverse	set	of	associated	colonizers	was	
isolated,	which	were	assigned	to	the	genera	Acinetobacter, Aeromonas, 
Alteromonas, Bacillus, Chryseobacterium, Colwellia, Exiguobacterium, 
Hydrogenophaga, Lacinutrix, Leisingeria, Marinomonas, Microbacterium, 
Micrococcus, Ochrobactrum, Olleya, Pantoea, Phaeocystidibacter, 
Pseudoalteromonas, Pseudoclavibacter, Pseudomonas, Psychrobacter, 
Rhodococcus, Sagittula, Shewanella, Staphylococcus, Thalassomonas,	
and	 Vibrio	 (Table	 1	 and	 Table	 A1).	 In	 addition,	 bacteria	 belong-
ing	 to	 the	 genera	 Alteromonas, Bacillus,	 Chryseobacter, Micrococcus, 
Olleya, Pseudoalteromonas, Pseudomonas, Rhodococcus, Shewanella, 
Staphylococcus,	 and	Vibrio	were	 isolated	 from	both	 species,	M. leidyi 
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Hydrogenophaga,	 Lacinutrix,	 Marinomonas,	 Ochrobactrum,	 Pantoea,	
























2018).	 In	 contrast,	 several	 bacteria	 not	 detected	 in	 the	 ambient	
water	were	exclusively	isolated	from	one	of	the	investigated	gelati-
nous	zooplankton	organisms,	suggesting	that	the	animals	have	their	
individual	 host-specific	 microbial	 communities,	 even	 if	 they	 share	
the	 same	environment.	There	might	be	at	 least	 three	possibilities,	
why	strains	were	exclusively	isolated	from	the	animals,	but	not	from	
ambient	 water.	 The	more	 supposable	 one	 is	 simply	 based	 on	 the	
abundance	of	bacteria	 in	ambient	water.	Bacterial	abundancies	on	




transmitted	 and	planula	 larvae	 already	harbor	 those	bacteria.	 The	
metaorganism,	as	entity	of	the	host	and	its	microbiota,	has	to	control	
and	modulate	 the	microbial	 colonization	of	 the	host	 tissues	 to	es-
tablish	and	maintain	the	specific	microbiota,	which	most	likely	con-
tributes	to	its	overall	fitness	and	health.	Ultimately,	the	established	
collection	of	bacterial	 isolates	can	now	be	used	 for	 recolonization	
experiments	with	artificial	(reduced)	bacterial	communities	allowing	
functional	analysis	of	how	the	microbes	influence	the	host.
3.2 | Interbacterial interactions control microbial 
community structure
In	nature,	bacteria	grow	in	communities,	where	they	are	continuously	


















growth	 inhibition	 assays	 as	 described	 by	Moran	 et al.	 (Moran	 et	 al.,	
2016).	The	assay	is	used	to	detect	growth	inhibition	and	its	degree	or	
growth	promotion	of	 the	neighboring	bacteria.	Combining	 such	data	
on	 bacterial	 interactions	 with	 16S	 rRNA	 community	 data	 ultimately	
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enables	identifying	correlations	between	microbial	community	patterns	
and	 competitive	 exclusion	 (Hibbing	 et	 al.,	 2010;	 Libberton,	 Coates,	






warfare	 or	 they	 protect	 or	 stimulate	 the	 eukaryotic	 host	 (Cornforth	
&	Foster,	2013;	van	Dam,	Weinhold,	&	Garbeva,	2016;	Foster	&	Bell,	
2012;	Ryu	et	al.,	2003).	Therefore,	agar	disks	comprising	bacterial	lawn	
of	 the	 competing	 bacteria	 (feasible	 for	 203	 isolates,	 28	 isolates	 not	
used	for	functional	assays	are	highlighted	in	Table	A1)	were	placed	in	
prepared	 cavities	 of	 freshly	 plated	 agar	 plates	 (Figure	 2).	 All	 isolates	
were	grown	on	MB-rich	medium	at	30	°C	to	make	the	practical	effort	
appropriate,	but	being	aware	of	the	bias	during	functional	assays.	All	
203	 isolates	 were	 tested	 against	 each	 other.	 Isolates	 111,	 193,	 209	
(different	Brevibacterium frigoritolerans	 strains),	 and	 113	 (Sulfitobacter 
pontiacus)	 inhibited	the	growth	of	18	isolates	belonging	to	the	bacte-
rial	 families	Rhodobacteraceae,	Alteromonadaceae,	and	Vibrionaceae	
(Table	 2)	 (inhibition	 zones	 of	 2	 to	 9	mm).	Brevibacterium	 species	 are	
strictly	 aerobic	 chemo-organotrophic	 bacteria	 and	 B. frigoritolerans 
was	 already	described	 as	 isolated	 from	environmental	 samples,	 such	
as	different	soils	 (Onraedt,	Soetaert,	&	Vandamme,	2005).	Moreover,	






antitumor,	 and	 antiviral	 activities	 (Martins	&	Carvalho,	 2007;	Müller,	












bacteria	 through	 secretion	of	 chitinases,	 proteases,	 or	 hydrolytic	 en-
zymes	enabling	access	to	nutrients	and	thus	colonization	of	biotic	sur-
faces	(Everuss,	Delpin,	&	Goodman,	2008).	Pseudoalteromonas	has	been	
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cooperative	 relationships,	which	most	 likely	both	affect	 the	bacterial	
community	composition	and	ultimately	impact	on	a	host.
Meanwhile,	it	is	well	known	that	bacterial	cell–cell	communica-
tion,	 so-called	quorum	sensing	 (QS)	 and	 its	 interference	 (quorum	
quenching,	QQ),	has	a	crucial	role	in	cooperative	and	competitive	
microbial	 interactions,	 both	 within	 a	 species	 and	 between	 spe-
cies	 (Abisado,	 Benomar,	 Klaus,	 Dandekar,	 &	 Chandler,	 2018).	QS	
is	 the	 fundamental	 system	of	 bacteria	 regulating	 cell	 density-de-
pendent	behaviors	by	 the	synthesis	and	detection	of	 small	 signal	
molecules	 (Camilli	 &	 Bassler,	 2006).	 Gram-negative	 bacteria	 use	
Isolate No.
Identified species by 
16S rDNA
Growth promoted isolate







+ + + + + + +
25 + + - - + + +
224 Pseudoalteromonas 
lipolytica
+ + - - + + +
208 Pseudoalteromonas 
prydzensis
+ + + + + + +
91 + + + + + + +
119 + + + + + + +
232 Pseudoalteromonas sp. + + - - + + +
241 + + - - + + +
250 + + - - + + +
4 + + - - + + +
234 + + - - + + +
167 + + - - + + +
65 + + - - + + +
103 + + - - + + +
251 Pseudoalteromonas 
tunicata
+ + + + + + +
219 + + + + + + +
243 + + + + + + +





TA B L E  3  Growth	promotion	by	
neighboring	bacteria
F I G U R E  3  Quorum	quenching	activities	of	isolates.	(a)	Original	photograph	of	QQ	reporter	assay	(with	AI1-QQ.1)	exemplarily	showing	
samples	with	no	(sample	7),	low	(samples	3,	4,	and	8),	mid	(samples	2,	5,	6,	9,	10,	11,	12,	and	13),	and	high	(sample	1)	QQ	activity	of	cell-free	
culture	supernatants	of	selected	isolates.	(b)	Bar	plot	illustrates	QQ	activities	of	bacterial	isolates	from	Mnemiopsis leidyi	and	Aurelia aurita 
against	acyl-homoserine	lactones	(AHL)	and	autoinducer-2	(AI-2)	as	well	as	simultaneous	activities.
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N-acetyl-homoserine	 lactones	 (AHL)	for	communication,	whereas	
Gram-positive	bacteria	use	 short	oligopeptides	 for	QS	 regulation	
(Eberl,	1999;	Kleerebezem,	Quadri,	Kuipers,	&	de	Vos,	1997;	Miller	
&	Bassler,	2001).	Besides	this	intraspecific	communication,	AI-2—a	
furanone-based	 small	 molecule—acts	 as	 autoinducer	 in	 the	 uni-
versal	 communication	 among	 different	 species	 (Bassler	 &	Miller,	
2013;	Bassler,	Wright,	Showalter,	&	Silverman,	1993;	Chen	et	al.,	
2002;	Schauder,	Shokat,	Surette,	&	Bassler,	2001).	QS	can	be	 in-
terfered	 by	 so-called	 quorum	 quenching	 (QQ)	 molecules,	 which,	
for	instance,	inactivate	autoinducer	synthetases,	degrade	or	mod-
ify	 the	 autoinducers,	 or	 interfere	with	 the	 autoinducer	 receptors	
through	signal	analogs.	QQ	molecules	are	synthesized	by	various	
bacteria,	which	ultimately	interfere	QS-regulated	coordinated	be-
haviors	 like	 microbial	 colonization.	 Thus,	 QQ	 activity	 might	 rep-
resent	a	crucial	mechanism	for	outcompeting	other	microbes	and	
might	 have	 significant	 consequences	 in	 shaping	 the	 structure	 of	
polymicrobial	communities	(Greig	&	Travisano,	2004;	Popat	et	al.,	
2015;	 Rainey	 &	 Rainey,	 2003;	 Velicer,	 Kroos,	 &	 Lenski,	 2000).	
Moreover,	many	 bacterial	 species	 use	QS	 to	 control	 the	 produc-
tion	 of	 toxins:	 for	 example,	 bacteriocins	 in	 Streptococcus species 
(Fontaine	et	al.,	2007;	van	der	Ploeg,	2005)	and	type	VI	secretion	









were	 screened	 for	QS-interfering	 activities	 using	 the	 established	
reporter	strains	AI1-QQ.1	and	AI2-QQ.1	(Weiland-Brauer,	Pinnow,	
et	 al.,	 2015).	 Screening	 of	 cell-free	 cell	 extracts	 and	 culture	 su-
pernatants	 demonstrated	 that	 121	 out	 of	 the	 231	 isolated	 bac-
teria	 showed	 AHL-interfering	 activities	 (52%),	 of	 which	 21	 (9%)	





frequency	 of	 QQ	 activities	 identified	 for	 Gammaproteobacteria	
mostly represented by Pseudomonas,	Pseudoalteromonas,	and	Vibrio. 
The	high	frequency	of	QS-interfering	bacteria	strongly	argues	that	
QS	 and	 the	 respective	 interference	 are	 important	 to	 establish	
and	maintain	a	healthy	and	stable	microbiota	and	consequently	a	




activities	 in	 pelagic	 and	 marine	 surface-associated	 communities	
(Romero,	Acuna,	&	Otero,	2012;	Romero,	Martin-Cuadrado,	Roca-
Rivada,	 Cabello,	 &	 Otero,	 2011).	 Remarkably,	 different	 isolated	





demonstrated	 a	 high	 abundance	 of	 QS-interfering	 bacteria	 from	
the	marine	environment,	 in	particular	associated	with	surfaces	of	
our	tested	gelatinous	zooplankton	organisms.	We	further	detected	
differences	 in	 QQ	 activities	 on	 different	 jellies,	 which	 are	 most	
likely	different	not	only	because	of	different	community	patterns,	
but	also	because	of	different	QQ	expression	patterns	adapted	to	
ever-changing	 environmental	 conditions.	 Detected	 QQ	 activities	
mainly	interfered	with	Gram-negative	AHL	communication,	which	
is	 primarily	 present	 in	 the	 marine	 environment	 (Liu	 et	 al.,	 2018;	
Rehman	&	Leiknes,	2018).
Overall,	 this	study	provides	 insights	 into	the	cultivable	part	of	
the	microbiota	associated	with	two	gelatinous	zooplankton	species.	
In	line	with	deep	sequencing	approaches,	our	cultivation-dependent	











we	 identified	 a	 high	 frequency	 of	 QS-interfering	 bacteria	 from	
the	marine	environment,	which	mainly	 interfere	AHL	communica-
tion	primarily	present	 in	the	marine	environment	(Liu	et	al.,	2018;	






mechanisms	between	microbes	 as	well	 as	 between	microbes	 and	
the	host	allows	gaining	insights	into	the	fundamental,	but	complex	
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